Basic facts of electromagnetic radiation (wave)
EM radiation is a travelling wave; has mutually perpendicular magnetic and electrical fields and these fields fluctuate periodically in time and space. Animation of a pencil of polarized light.
View a linearly polarized electromagnetic wave traveling towards you. Then you would observe the amplitude variation of the wave in one plane -polarized light -plane of polarization.
The above animation presents a wave that is plane-polarized in a vertical plane (it can be any plane).
Natural light: consists of pencils of light with their planes of polarization in all possible directions.
Plane Polarizer θ
Polarizer -an optical filter that passes light of a specific polarization and blocks waves of other polarizations. Electrons are in molecular orbitals σ,π,δ,..and lone pairs (generally many molecular orbitals exist, most important here HOMO and LUMO).
In addition σ*,π*,δ*,..(anti-bonding molecular orbitals are formed).
Most molecules in ground state have electron spins paired, no net spin, singlet states. 
Photon energy, frequency and wavelength relationships HOMO LUMO Intramolecular charge transfer transitions absorbs radiation in the electronic spectra as well. Effect of the environment on the spectral shape.
Condensed phase spectra do not have much fine structure due to significant line broadening.
Gas phase UV-VIS spectra has fine structure.
Lambert-Beer Law (all absorption Spectroscopies)
A λ =ε λ lc Absorbance (optical density) ε λ = molar absorptivity (extinction coefficient) l = path length (cm) c =concentration (M)
Lambert-Beer Law: Derivation
A beam of monochromatic light falling on an absorbing and homogeneous medium loses the intensity of the beam (Power, P) as it traverses through the medium. The loss of the power of the beam, dP, for a traveled path length, dx, is proportional to the concentration of the absorbing species, power of the beam and the length dx.
∝ dP c dP P ∝ Therefore, dP cPdx = −β A λ =ε λ bc ε λ = absorbance of a solution of unit concentration in a unit path length at wavelength λ.
It is a measure of the transition probability.
For mixtures absorbing at the same λ;
A λ =Σ ε λ,i bc i 0 10 out P log A bc P = = ε A monochromator is an optical device that transmits a selectable narrow band of wavelengths of light or other radiation chosen from a wider range of wavelengths available at the input. 
Monochromator Band Width
Rays exiting the monochromator is strictly not monochromatic.
Only nearly monochromatic, has a wavelength distribution around (band width) λ, commonly referred to as monochromatic radiation wavelength. The smaller the band width (FWHM) of the beam, the better is the system. λ
FWHM ~ bandwidth
Spectral slit width is defined as the total spread of wavelengths represented by the blue lines.
The spectral bandwidth will always be narrower than the spectral slit width.
When a monochromator is set to a particular wavelength, light with a Gaussian intensity distribution of wavelengths emerges from the exit slit. The heavy black line represents the distribution of light that reaches the sample. The spectral bandwidth is defined as the FWHM.
FWHM
For a monochromatic beam at λ, log (P o /P) = A = εbc = kc (11) P o /P = 10 εbc (12) P=P 0 10 -εbc Similarly, at another λ', P o /P'= 10 ε'bc (13) P'=P 0 10 -ε'bc The radiant power of two wavelengths passing through the solvent is given by (P o + P' o ), and that passing through the solution containing absorbing species by (P + P').
Non monochromatic radiation leads calibration plots to deviate from linearity. Illustration: (beam with two wavelengths -simplest non monochromatic beam) P o P' o λ λ' P = P o 10 -εbc P' = P' o 10 -ε'bc P = P o 10 -εbc log (P o /P) = log(10 εbc ) = εbc linear The absorbance due to both wavelengths is
Substituting for P and P', we obtain; A = log [(P o + P' o )/( P o 10 -εbc + P' o 10 -ε'bc )]
Non-linearity arises because molar absorptivity is different for the two wavelengths; seen clearly at high c values. An incident beam with more than two wavelengths would result in a deviation quickly on the c axis.
The absorbance due to both wavelengths is
Substituting for P and P', we obtain; A = log [(P o + P' o )/( P o 10 -εbc + P' o 10 -ε'bc )] The dynamic range of a detector is that concentration range over which a concentration dependent output is produced.
The minimum of the range will be the concentration at which the output is at the detection limit and the maximum that concentration where the detector no longer responds to a concentration increase.
The dynamic range is usually given as a concentration ratio and is thus, dimensionless.
The linear dynamic range of a detector is that concentration range over which the detector output is linearly related to solute concentration.
A c
Deviation from linearity increases with |ε -ε'|
Detector Response
Flatter maxima has a lower probability of a large |ε -ε'| and therefore produces a desirable larger linear dynamic range in calibration plots.
Pick a moderately large flatter peaks for quantitation. Dispersion is a 'measure' of the angle the grating must be rotated to change wavelength of the the exiting light by a unit wavelength.
i.e. angular separation dφ obtained for two wavelengths separated by dλ.
Smaller d values of the grating generate larger dispersions leading to higher resolutions.
Monochromator Band Width
A ray exiting the monochromator is strictly not monochromatic.
Only nearly monochromatic, has a wavelength distribution (band width) about a, λ, commonly referred to as monochromatic radiation wavelength. The smaller the band width (FWHM) of the beam, the better is the monochromator.
λ FWHM Two consecutive peaks with ∆λ having a valley of 5% are said to be two resolved peaks.
Spectral resolution is a measure of the ability of an instrument to differentiate between two adjacent wavelengths λ and λ+∆λ.
Resolution is the ability of an instrument to separate light into finite, distinct wavelength regions and distinguish these finite regions from each other. It is primarily governed by the physical slit width of the instrument.
In combination with the inherent angular dispersion of light from the exit of the monochromator to the detector of the instrument determines resolution. Vol. titrant
Advantages of Spectrophotometric Titration: Error in absorbance measurements is dependent on the value of the absorbance itself. Note the region of least error. Advisable to dilute samples so that absorbance falls in this region for quantification.
Jobs Method: Empirical Formula of binary compounds/complexes using the method of continuous variation or Jobs Method.
P + X = P a X b
The amount of one of the components is varied from a small value to a large value while the amount of the other component is varied from large to small. The amount of the product formed is monitored via the absorbance of the product.
If a series of solutions is made, each containing the same total number of moles of P and X, but a different mole ratio, R = (moles X/moles P); then the maximum amount of product, D, is obtained in the solution in which R = k (the stoichiometric ratio, b/a). Note: the a, b, k as defined above.
When R > k, there is an excess of reagent X, so reagent P is the limiting reagent and X is in excess, in R > k region.
when R < k, there is an excess of reagent P, and X is limiting reagent and P is the limiting reagent, in R < k region. This term is usually employed with reference to a set of absorption spectra, plotted on the same chart for a set of solutions in which the sum of the concentrations of two principal absorbing components, A and B, is constant.
The curves of absorbance against wavelength (or frequency) for such a set of mixtures often all intersect at one or more points, called isobestic points.
